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I. INTRODUCTION
The relative fundamental theory indicates that energy commodities influence liquidity in financial markets by affecting basic macroeconomic variables. The relationship between energy prices and stock prices is an interesting and important topic for investors, as it pertains to opportunities for international portfolio diversification. Stock market returns or prices are affected by oil price shock through expected earnings [1] . Many papers examine the relationship between stock and oil prices, but the relative literature does not show any consistent conclusion. Some studies confirm the existence of a relationship between oil prices and stock markets [2] - [4] , while others present opposite finding [5] . Most of the past relative papers focus on the impact of oil price changes on the stock markets, but fewer papers have studied the relationship between natural gas and stock prices. To fill this gap, this paper discusses how changes in natural gas prices influence stock prices.
The purpose of this study is to investigate the time-varying behavior and the dynamic linkages between stock, oil, and natural gas prices for the period of 2005 to 2015 in Indonesia. Following the work of [4] , we also take the exchange rate as an additional variable in the estimated model of this paper, because it links stock markets and energy commodities via an indirect channel. This research contributes to the literature in three ways as follows. First, there is no study using a multivariate framework to investigate the relationship among crude oil, natural gas, and Indonesian stock prices. It is important to extend the model from bivariate to multivariate in order to reduce the effect of omitted variable bias and to give a clear view of the Indonesian stock market. Second, this paper uses two different methods, Gregory and Hansen's [6] cointegration test with a structural break and a recursive cointegration test, which have not been used in previous relative research, to capture the dynamics of long-run relationships between stock prices and the two energy prices. According to the results of recursive statistics to estimate the gradual convergence over time, we can confirm whether the degree of integration among Indonesian stock, oil, natural gas prices and the exchange rate is consistent over the sample period, either it decreases or it increases over time. Third, most previous studies on the Indonesian stock market only employ the Jakarta Composite Stock Index (JKSE) and omit the Jakarta Islamic Index (JII) as the measurement for Indonesian stock prices. This paper uses both indices to give a clearer understanding of the Indonesian stock market and to contribute to the literature discussing how this country's stock market reacts to changes in energy prices.
The rest of the paper is organized as follows. Section 2 offers a glance at the background of the study. Section 3 explains the empirical results. Lastly, section 4 provides conclusions of the study.
II. BACKGROUND AND LITERATURE REVIEW

A. Background
Indonesia has become an important part of the global economy. Its economy is the 16th largest in the world based on nominal GDP and 5th largest according to GDP's Purchasing Power Parity as stated by the International Monetary Fund in 2014. Rapid economic growth in the country has led to a rise of its financial sector, especially the local capital market. Its stock market has not only grown in market capitalization, but has also seen an increase in the number of companies and shares listed. The market capitalization of the market has been growth by 209.48% from 24,839 billion Rupiah in 1992 to 5,228,043 billion Rupiah in 2014. The number of listed companies rose 21 times from 1985 when it opened for the first time to the public, to 506 companies in 2014 [7] .
There are two main stock indices to measure the performance and the value of nation's stock market. The first one is the Jakarta Composite Stock Index (JKSE), which is an index of all stocks that trade on the Indonesia Stock Exchange.
The second one is the Jakarta Islamic Index (JII), which was established in 2002 to act as a benchmark for measuring market activities based on Islamic law. Both indices showed strong growth in the past decade, growing by up to 4 times from 2005 to 2015.
In the Asia-Pacific region, Indonesian oil production is second only to China. Indonesia produced 911,000 barrels per day (b/d) of petroleum and other liquids in 2014, although it is much lower than the highest production of nearly 1.7 million barrels per day (b/d) in 1991. Indonesia's total primary energy consumption grew 43% between 2003 and 2013. To meet domestic demand, Indonesia had become a net oil importer by 2004 after domestic demand outstripped production, which has been on a general decline since 1991. Indonesia currently buys crude oil and oil products through third-parties or traders and wants direct access to long-term crude oil supply contracts to support its demand and oil consumption [8] .
Indonesia's energy consumption has been growing every year. The average energy consumption from 2000 to 2012 increased by 2.9% per year, thus ranking Indonesia 4th in energy consumption in Asia and 14th in the world in 2013. In 2011, its total energy consumption hit 6424 quadrillion Btu, with 35.4% of this energy used by industry, followed by households at 31.5 and transportation at 27%.
Given the facts that stock markets are sensitive to economic conditions [9] , changes in energy commodities lead to changes in stock market levels eventually. When commodity prices are low, manufacturing earnings increase and stock price generally soon follow. In contrast, high commodity prices raise production costs, reduce earnings, and bring about a fall in stock prices. One example reported by [10] is the oil price hike from 2004 to 2006 slowing down the global economy, as economies found it hard to assimilate with prices rising at a fast rate. The price hikes from surging oil resulted in higher production costs for firms and thus lower profit margins. In contrast, when crude oil fell to below US$50 dollar per barrel from US$110 dollar per barrel (based on the West Texas Intermediate and Brent Crude Benchmark), Indonesia as a net oil importer got more benefits, because cheaper oil prices stimulated economic growth through greater consumption [11] .
B. Literature Review
Enormous researchers study the impacts from oil price on stock markets in developed country. Reference [12] examines the relationship between WTI oil price and US monthly stocks positions, and [13] investigates whether oil price pushes the stock market into bear territory, both found the similar result that oil price has a significant negative effect on stock price. Reference [14] examine long-run relationship between the world price of crude oil and six OECD's stock markets and find that stock market indices respond negatively to increases in the oil price in the long run. Furthermore, [15] using A DCC-GARCH-GJR to explore the time-varying correlation between stock market prices and oil prices for oil-importing and oil-exporting countries, they find that oil prices exercise a negative effect in all stock markets, regardless the origin of the oil price shock. The only exception is the 2008 global financial crisis where the lagged oil prices exhibit a positive correlation with stock markets.
Conversely, [16] discover that the positive relationship between oil prices and equity values and there is often highly significant direct impact of volatility of oil price on share values within the sector while exploring the relationship between oil prices and equity values in the UK. The similar finding is discovered by [17] . Within the framework of a VAR, they find evidence of oil prices Granger causing stock prices, but no evidence of the opposite relationship. The behavior of all stocks examined is very similar; they all respond positively to a shock in crude oil prices on the same day and the day after the shock, with the impact of the shock disappearing thereafter. Applying Granger causality to study the relationship among alternative energy stock prices, technology stock prices, and oil prices, [18] find that technology stock prices and oil prices lead the stock prices of alternative energy companies.
Moreover, [19] study oil price shocks on real stock returns in the U.S. and in 13 European countries. Their results show that oil price shocks could statistically significant influence on real stock returns contemporaneously and/or within the following month in the U.S. and 13 European countries, while in Norway, being an oil exporter there is a significantly positive response to real stock returns to an oil price increase. Reference [5] analyze how three different structural changes of oil price affect stock-market returns by applied a daily data sample of Australia, Canada, France, Germany, Italy, Japan, United Kingdom, and United States. They find that international stock market returns do not respond in a large way to oil market shocks because different oil-market structural shocks can significantly explain the adjustments in stock-market returns but the magnitude of such effects is small. The similar result is shown by [20] . They study the effect of oil prices and the stock returns of oil and gas firms in Central and Eastern European (CEE) countries, and their results display no significant linkage between oil prices and the stock returns over the period from 1998 to 2010. On the other hand, [21] discover that (asymmetric) oil price shocks do influence real stock returns mostly under the extreme performance of stock markets. In general, investors are more pessimistic to bad news when the stock market stays under a worse performance. Reference [22] show that rising oil price will significantly cause the volatility of stock returns and the probability of transition across different time.
In the cases of the oil forecasting power to stock market, [23] discovers that oil prices are important in explaining stock price movements using a multivariate VAR approach. Reference [24] investigate the ability of oil price returns, oil price shocks and oil price volatility to provide predictive information on the state of the US stock market returns and volatility from January 1989 to December 2011 using probit regression. The results suggest that oil price returns and volatility possess the power to forecast the state of the US stock market returns and volatility.
As to the relative literature to study the cases of emerging countries, [2] study the relationship between oil price to and macroeconomic activity in Asian countries. They find that oil price can significantly affect both economic activity and price index although the impact is limited to the short run [3] examine the impact of oil prices on Vietnam's stock prices, and the results confirm that stock prices, oil prices, and [3] indicate that the impact of oil price on stock price is positive, which is caused by some internal and domestic factors on the Vietnamese stock market. Being Different from the results of [3] , [25] find that crude oil prices and Asia-Pacific stock market returns are generally weak. Their results also present that the relationship between oil prices and stock returns was positive before the global financial crisis, except in Hong Kong, and it increased significantly in the aftermath of the crisis. Furthermore, [26] investigate the relationship between oil prices and the Chinese stock market at the sector level. Their results indicate that structural breaks exist in the interaction between oil prices and Chinese sectorial stocks, and the real oil price can positively affect sectorial stocks in the long-run.
International Journal of
Several studies have investigated the relationship between Indonesian stock market and oil price. Using LVAR causal model, [27] analyze the relationship between world crude oil prices and Indonesian stock market, and they find that there was a significant dynamical relationship between world crude oil prices and Indonesian composite index, not matter in the long-term or in the short-term. Reference [27] also show that the dynamics of this relationship is positive, which implies that if the world crude oil price rises (falls), then the composite index also rises (falls). Reference [28] also analyze the relationship between commodities (crude oil and gold) and relevant financial variables in Malaysia, Thailand and Indonesia. Their results discover that dynamic correlation between commodities and financial variables exists not only in Indonesia but also in Malaysia and Thailand. Reference [29] study how world oil price changes can influence on the stock market returns in Southeast Asia, including Indonesia, Malaysia, Singapore, Philippines, and Thailand, whose results find that world oil price changes only give significant effects on the Malaysian and Thailand capital market but Indonesian capital market do not be affected by world oil price.
However, there is no study using the multivariate framework to examine the relationship of crude oil price, natural gas price, and Indonesian stock price. For fill this gap, this paper will investigate the time-varying behavior and the dynamic linkages of stock prices and two energy prices, including oil price and natural gas price in Indonesia.
III. MPIRICAL RESULT
A. Result of the Unit Root
The data cover June 2, 2005 to May 29, 2015, and include 2,479 observations. The choice of the sample considers the availability of Indonesian stock market data. Daily data of West Texas Intermediate crude oil prices and Henry Hub Natural Gas Spot Prices are taken from the website of Energy Information Administration (EIA) (www.eia.doe.gov), while rupiah-dollar exchange rate data are taken from International Monetary Fund (IMF) website (www.imf.org). The Indonesian stock market is measured by the Jakarta Islamic Index (JII) and Jakarta Composite Stock Index (JKSE), and both market's data are downloaded from yahoo finance website (finance.yahoo.com).
Before all the data series of crude oil and natural gas prices, the exchange rate, JII, and JKSE are examined for cointegration, all of them are tested for stationarity. Aside from DF-GLS [30] being used, this paper applies the ZA [31] unit root test, allowing for an endogenous structural break. Table I displays the results of the unit root test. The results of the ZA and DF-GLS unit root tests support that all variables follow I(1) processes at the 5% significant level. Most structural breaks of all variables, when examined by the ZA test, appear around 2008 and 2009, which was the period of global financial crisis that led to significant fluctuations in oil, gas, and stock markets worldwide.
The oil industry experienced dramatic changes in this period, with prices peaking at approximately US$145 in mid-2008 and then, collapsing by more than 70% to end at approximately US$40 per barrel [32] . In accordance with oil prices, JII also saw the worst conditions. From its highest point at 517.814 on February 28, 2008 Notes: *, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively. DF-GLS and ZA are unit root tests proposed by [24] and [25] , respectively. The numbers in parentheses are the lag order, being selected on the basis of SC, in the DF-GLS tests. The numbers in brackets of the ZA tests are the estimated structural break dates. A, B, and C denote model types and correspond to the three models in [6] . The critical values are from Table [6] .*** indicates significance at the 1% level. The numbers in brackets are estimated structural break dates.
B. Result of the Gregory and Hansen Tests
For considering the sample period with some shocks by financial and economic innovations, we employ the GH cointegration test with structural breaks to examine the long-run relationships among stock, oil, and natural gas prices, and the exchange rate. The results of GH, as Table II, show that all of the modified ADF*, Z α *, and Z t * tests for three different models of both cases, where JII and JKSE are the dependent variable, reject the null hypothesis of no cointegration at the 5% significant level. This means that there is a long-run cointegrating relationship with a structural break among the four variables. The empirical evidence shows that the main structural break occurred in 2008 and 2009, and at the end of 2012, which encompass the 2008 global financial crisis and the Euro crisis, respectively. Moreover, in 2008 Indonesia dropped out of OPEC and became oil importer, which led to a decrease in its oil production and an unstable Indonesian economy.
C. Results of the Recursive Cointegration
To see the dynamic convergence of the variables in each period, this section uses a recursive cointegration test.
1) Jakarta islamic index (JII) as the dependent variable
Using JII as the dependent variable, we examine the time-varying convergence of it and the other three variables. Fig. 1 , is the result of the recursive trace statistics of JII, exchange rate, and oil and gas prices. After 2009, there is just one line, the upper first line, over the 5% critical value, which shows that the four non-stationary time series are linked together by one cointegration vector. Thus, this reveals there is a long-run relationship among JII, exchange rate, and oil and gas prices.
The recursive coefficient matrix for the cointegrating vectors, matrix β is estimated as Figs. 2, 3 , and 4, which is a normalized vector around JII. In Fig. 2 , the coefficent's β for the exchange rate is positive for much of the whole period, which implies that the depreciation of Indonesia's currency raises stock prices, JII. Comparing the coefficients of oil and gas prices, oil price's coefficient is negative but gas price's coefficient is positive, as in Figs. 3 and 4, implying that rising International Journal of Trade, Economics and Finance, Vol. 7, No. 4, August 2016 oil prices decrease stock prices, but higher gas prices raise stock prices. Indeed, higher gas prices lead to the greater government revenue from natural gas exports, helping to improve the nation's economic condition. Such improving economic growth helps attract more foreign investments into Indonesia, and then could help raise stock price due to higher expected economic growth.
On the other hand, the share of oil prices to GDP has been declining continuously over the past three decades. Theory suggests that the effect of oil income on the economy's steady-state growth rate will nearly vanish eventually [33] . Oil production fell by 29.64% from 1.13 million barrels per day in 2004 to 798,000 barrels in 2014. New oil contracts signed dropped from 23 to 7 [32] , making it hard for the oil production to meet Indonesia's oil demand, and influencing the stock market. We subsequently estimate the recursive coefficient matrix of the error correction terms (matrix α) for recursive cointegration of the three variables, with the results as Figs. 5, 6, and 7. The two coefficients, α, of exchange rate and oil price, as Figs. 5 and 6, are positive, meaning that any deviation of the two variables cannot move back to long-run equilibrium. Conversely, the coefficient, α, of gas price is negative, implying that it is a key variable to move the deviation back to the long-run equilibrium. In other words, gas prices play an important role in stabilizing the relationships of the four markets in Indonesian.
While, oil production in Indonesia has fallen over time, caused by natural maturation of its oil fields combined with a slower reserve replacement rate and decreased exploration/investment [32] , natural gas production has grown by more than 11% from 2000 to 2013 and continues to be a major export commodity in Indonesia [8] . Indonesia is the world's fifth-largest exporter of liquid natural gas (LNG) in 2014. Thus, its natural gas market plays an important role in affecting Indonesian stock prices. Fig. 8 is the result of recursive trace statistics of JKSE, exchange rate, and oil and gas prices. Similar to the previous result, there is just one line after 2009 that shows the upper International Journal of Trade, Economics and Finance, Vol. 7, No. 4, August 2016 first line is over the 5% critical value. It means that the four non-stationary time series are linked together by one cointegration vector. This figure reveals that there is a long-run relationship among the four variables of, JKSE, exchange rate, and oil, and gas prices.
2) Jakarta composite stock index (JKSE) as the dependent variable
The recursive coefficient matrix for the cointegrating vectors, matrix β, is estimated as Figs. 9, 10 and 11, and the cointegrating vector is normalized around JKSE. The result of Fig. 10 shows a positive relationship between the exchange rate and JKSE after 2008, but the recursive coefficient of oil price, as in Fig. 11 , is negative after 2008. The recursive coefficient of natural gas price, as in Fig. 12 , also is positive for the whole period. This means Figs. 1-7 are similar to Figs. 8-14.
The recursive coefficient matrix of the error correction terms (matrix α) for the case of using JKSE as the dependent variable is estimated as Figs. 12, 13 and 14. These three figures show similar results to the case of using JII as the dependent variable. The two coefficients, α, of exchange rate and oil price are also positive, meaning that any deviation of the two variables cannot move back to the long-run equilibrium. In contrast, the coefficients, α of gas price is negative, implying that it is a key variable to move the deviation back to the long-run equilibrium. The results of these three figures confirm that gas prices play an important role in stabilizing the relationships among the four markets in Indonesia. Third and finally, the results of the recursive cointegration's coefficients display that higher oil prices decrease Indonesian stock prices, but rising gas prices bring about higher Indonesian stock prices. The recursive short-run coefficient of gas price is negative, which implies that it is a key variable to move the deviation back to long-run equilibrium.
